Structural variation of chondroitin sulfate and its roles in the central nervous system.
Chondroitin sulfate is popular in the field of neuroscience, because the treatment of nervous tissues with chondroitinase ABC, which degrades chondroitin sulfate up to unsaturated disaccharides, causes severe changes in various aspects of neural development and functions. Chondroitinase ABC treatments of developing nervous tissue impair the growth and differentiation of neural progenitor cells, and cause various pathfinding errors of axons. After injury to the adult central nervous system, axon regeneration fails at scar regions expressing large amounts of chondroitin sulfate proteoglycans. However, after chondroitinase ABC treatment, many axons regenerate and traverse the damaged areas. Furthermore, it was revealed that chondroitin sulfate proteoglycans are involved in neural plasticity. These observations indicated that chondroitin sulfate proteoglycans as major components of the extracellular matrix and cell surface play pivotal roles in the development, regeneration, and plasticity of neuronal networks. Chondroitin sulfate shows highly diverse structural variation, and recent studies indicated that this glycosaminoglycan binds with various growth factors, chemokines and axon guidance molecules in a structure-dependent manner and regulates their activities. Notably, oversulfated structures such as D (GlcA(2-O-sulfate)beta 1-3GalNAc(6-O-sulfate)) and E (GlcAbeta1-3GalNAc(4,6-O-disulfate)) units constitute the binding sites for many proteins, and play important roles in regulation of the growth of neural progenitors, neurite extension, and neuronal migration. The synthesis of these structures is strictly regulated by the chondroitin sulfate synthase family and many sulfotransferases, which should be useful therapeutic targets in neurological disorders.